Introduction
============

Chronic obstructive pulmonary disease (COPD) is a major cause of morbidity and mortality worldwide[@b1-copd-11-1579] despite increased health care efforts, financial costs, and research concerning its early diagnosis and proper management. COPD epidemiology continues to display a steep increasing trend in mortality, contrary to the other leading causes of death like cancer and cardiovascular disease.[@b2-copd-11-1579] The most relevant event affecting COPD mortality is the acute exacerbation of COPD (AECOPD), a catastrophic event during the clinical course of the disease.[@b3-copd-11-1579]

The frequency and severity of AECOPD is the major modifier of the management and outcome of COPD. This was the reason that Global Initiative for Chronic Obstructive Lung Disease (GOLD) current initiatives emphasized it even in its COPD definition.[@b3-copd-11-1579] The GOLD definition of AECOPD is characterized by clinical empiricism, but is too vague to be useful in the clinical interpretation of COPD patients developing acute exacerbations.

The fact is that COPD prevalence, which is on the rise in developing and developed countries, results in enlarged direct and indirect costs of COPD on the health care systems worldwide. According to several reports, in the US, direct costs have escalated from \$18 billion in 2002 to \$29.5 billion in 2010, consisting mainly of hospital expenses, whereas indirect costs account for 27%--61% of the total costs, with the higher estimates shown by studies focusing on working age populations.[@b4-copd-11-1579]--[@b6-copd-11-1579] Average costs for individuals retiring early due to COPD have been estimated to be \$316,000 per individual.[@b7-copd-11-1579] In Europe, a remarkable annual cost of €38.7 billion was caused by COPD.[@b8-copd-11-1579] Hospitalizations are the greatest contributor to total COPD costs, and account for up to 87% of the total COPD-related costs.[@b9-copd-11-1579] Exacerbations are the main cause of the hospital admissions and subsequently account for between 40% and 75% of COPD's total health care costs, despite improvement in new maintenance medications.[@b10-copd-11-1579],[@b11-copd-11-1579] The health care systems worldwide need to endorse the health policies aiming at prevention and appropriate management of COPD exacerbations.

In this review, we focus on the evidence that supports the claim that AECOPD, especially when accompanied by respiratory failure and leads to hospitalization, is the "stroke of the lungs" leading to accelerated loss of lung function and contributes remarkably to increase in morbidity and mortality. We present an overview of the effects of an acute exacerbation in the disease's clinical course, characterized by triggering a catastrophic cascade that is actually a killer, especially when it presents as a relapsed event.

Semicolon or disease's full-stop period
=======================================

Contrary to the common perception that lung function decline is a gradual steady process that can be visualized by the Fletcher--Peto diagram,[@b12-copd-11-1579] evidence shows that lung function decline is not a constant, stable process. It is the accumulated result of mild losses during steady state and sharp losses, due to acute exacerbations, that accelerate as exacerbations become more frequent and more severe over time, during the disease's natural course ([Figure 1](#f1-copd-11-1579){ref-type="fig"}).

Even since the end of the 1970s, exacerbations have been implicated as a possible independent factor associated with lung function decline.[@b13-copd-11-1579] But only after large cohort studies were performed, the relationship between exacerbations and forced expiratory volume in 1 second (FEV~1~) decline was established. The Lung Health Study reported that each additional exacerbation was associated with a greater annual decline of 7 mL.[@b14-copd-11-1579] The London COPD cohort study investigators showed a greater annual decline of 8 mL in frequent exacerbators, compared to non--exacerbation-prone patients.[@b15-copd-11-1579] Patients with higher rates of exacerbations showed more rapid lung function decline in the UPLIFT study also.[@b16-copd-11-1579] This exacerbation frequency--lung function decline relationship has also been reported in ex-smokers.[@b17-copd-11-1579]

Part of this decline may be attributed to increased airway inflammation caused by exacerbations,[@b18-copd-11-1579] systemic inflammation,[@b19-copd-11-1579] and incomplete symptomatic and physiological resolution, as observed in a significant percentage of COPD patients after an acute exacerbation.[@b20-copd-11-1579] Exacerbations may contribute to as much as 25% of lung function decline.[@b21-copd-11-1579]

If no further exacerbations occur in the following 6-month period, health status seems to recover to levels similar to those in patients with no exacerbations. But this is not a common rule.[@b22-copd-11-1579] In the SUPPORT study, a prospective cohort of 1,016 patients with an exacerbation of COPD and a PaCO~2~ of 50 mmHg or more were enrolled.[@b23-copd-11-1579] At 6 months, only 26% of the cohort was both alive and capable of reporting a good, very good, or excellent quality of life.[@b23-copd-11-1579]

If recurrent events occur, they inhibit full recovery and accelerate health status deterioration.[@b24-copd-11-1579],[@b25-copd-11-1579] Exacerbations show seasonal distribution[@b26-copd-11-1579] and tend to cluster together in time, suggesting a high-risk period of 8 weeks for recurrent exacerbations after the initial exacerbation.[@b27-copd-11-1579] The European Respiratory Society (ERS) COPD audit survey revealed high 90-day readmission rates across Europe, reaching almost 40%.[@b28-copd-11-1579] The time period after an exacerbation is also a high-risk period for all-cause mortality.[@b29-copd-11-1579]

Triggering a catastrophic cascade
=================================

There is a striking similarity in the catastrophic pathophysiologic cascade triggered by acute COPD exacerbations and acute myocardial infarctions (MIs) ([Table 1](#t1-copd-11-1579){ref-type="table"}). The latter, in the context of coronary heart disease (CHD), lead to more symptoms, recurrent events,[@b30-copd-11-1579] worsening of extraction fraction, lower ability for exercise, more frequent hospital admissions,[@b31-copd-11-1579] lower quality of life scores,[@b32-copd-11-1579] and increased mortality.[@b33-copd-11-1579] Acute exacerbations of COPD lead to more symptoms, lung function decline,[@b14-copd-11-1579],[@b15-copd-11-1579] lower exercise capacity,[@b34-copd-11-1579] higher hospitalization rates,[@b35-copd-11-1579],[@b36-copd-11-1579] lower quality of life,[@b37-copd-11-1579] as well as poorer prognosis.[@b38-copd-11-1579],[@b39-copd-11-1579]

COPD and vascular diseases do not just share common risk factors like smoking and aging.[@b40-copd-11-1579] The crosstalk between COPD exacerbations and acute events of vascular diseases is impressive, only as COPD has been reported as a contributing factor for endothelial inflammation,[@b41-copd-11-1579],[@b42-copd-11-1579] it may induce arterial stiffness, aggravate atherosclerosis,[@b43-copd-11-1579] and increase the risk of cardiovascular disease. Reduced lung function correlates with a higher cardiovascular mortality[@b44-copd-11-1579],[@b45-copd-11-1579] and the risk of ventricular arrhythmias.[@b46-copd-11-1579] A reduced FEV~1~ has been considered a prognostic marker for cardiovascular and all-cause mortality,[@b47-copd-11-1579] which may increase as much as 28% for every 10% decrement in FEV~1~ value.[@b48-copd-11-1579] In a study analyzing, over a 2-year period, 25,857 patients with COPD from the Health Improvement Network database, COPD exacerbation was associated with a significant increase in risk for MI during a 5-day postexacerbation period.[@b49-copd-11-1579] The presence of COPD is reported to worsen the long-term outcomes in patients who underwent percutaneous coronary intervention or coronary artery bypass graft.[@b50-copd-11-1579],[@b51-copd-11-1579] In a study of 81,191 MI patients, of whom 4,867 (6%) had a baseline COPD hospital discharge diagnosis, the COPD patients were reported to have a significantly higher 1-year mortality.[@b52-copd-11-1579]

Relapsing event
===============

Recurring acute events is no coincidence. Acute COPD exacerbations are among the strongest predisposing factors for future exacerbations, as recognized even in smaller cohort studies.[@b53-copd-11-1579] Our knowledge regarding AECOPD management was widely extended by large cohort studies like TORCH,[@b54-copd-11-1579] UPLIFT,[@b55-copd-11-1579] and ECLIPSE,[@b56-copd-11-1579] which illustrated that exacerbation frequency increases alongside disease severity. But the rate at which exacerbations occur highlights a distinct phenotype of patients, recognized by the ECLIPSE study, in moderate and severe COPD.[@b56-copd-11-1579] Besides disease progression, increased exacerbation frequency may be attributed to inadequate treatment, intrinsic factors like lower airway bacterial load,[@b57-copd-11-1579],[@b58-copd-11-1579] lower levels of physical activity,[@b59-copd-11-1579] or exposure to environmental triggers, especially viral or bacterial infections.[@b60-copd-11-1579] The frequent exacerbator, a distinct and well-described phenotype of the disease, tends to have reduced responses to treatment for acute exacerbations concerning inflammatory indices and quality of life,[@b61-copd-11-1579] and higher airway inflammation in the steady state and quicker elevation of systemic inflammation levels over time.[@b62-copd-11-1579] Acute vascular events such as MI tend to present a similar pattern of relapse.[@b30-copd-11-1579] In a study of 3,010 patients with first episode of MI, 30-day readmission rate after discharge was as high as 18.2%,[@b63-copd-11-1579] 42.6% of which was associated with a new MI event, while COPD presence was also related to an increased risk of readmission.[@b63-copd-11-1579] The postinfarction period is a high risk period for new-onset atrial fibrillation (AF) as well as all-cause mortality.[@b64-copd-11-1579]

Overwhelming
============

AECOPD is not considered just an acute event characterized by worsening of the patient's respiratory symptoms; it presents an overwhelming situation leading to more frequent serious adverse events.

Patients participating in the UPLIFT study[@b55-copd-11-1579] were observed over a 4-year period, and exacerbations or adverse events were recorded throughout the period in patients receiving the study drug. The researchers of the UPLIFT study examined in a later time point this large clinical trial database (5,992 COPD patients) to assess the relationship between exacerbations and the occurrence of nonrespiratory morbidity recorded as adverse events.[@b65-copd-11-1579] A total of 3,960 patients had an exacerbation and were analyzed. Non-lower Respiratory Serious Adverse Events' (NRSAEs) incidence rates (IRs; per 100 patient-years) were recorded before and after the first exacerbation. Comparison of IR 30 days before and after an exacerbation showed significant changes (20.2 vs 65.2 with RR \[95% confidence interval\] =3.22 \[2.40--4.33\]). Similar IR changes were observed for the 180-day period (13.2 vs 31.0 with RR \[95% confidence interval\] =2.36 \[1.93--2.87\]). The top three common NRSAEs were cardiac, other respiratory conditions, and gastrointestinal. All NRSAEs including cardiac events were more frequent after the first exacerbation, irrespective of the cardiac comorbidity of the patient at baseline.

The combination of worsening respiratory symptoms and increased systemic events after exacerbations, particularly shortly after the event, has a dramatic impact in patients' quality of life and feelings. This impact was studied by a qualitative interview-based study, which was conducted to gain an insight into patients' comprehension and experience of COPD exacerbations and to explore their perspective on the burden of exacerbations.[@b66-copd-11-1579] Patients (n=125) with moderate-to-very severe COPD with two or more exacerbations during the previous year underwent a 1-hour face-to-face interview with a trained interviewer. Although commonly used by physicians, only 1.6% of patients understood the term "exacerbation", preferring to use simpler terms such as "chest infection" or "crisis" instead. About two-thirds of patients stated that they were aware when an exacerbation was imminent and, in most cases, symptoms were consistent among exacerbations. Some patients (32.8%) did not report any recognizable warning signs. At the onset of an exacerbation, self-administering their medication was reported by 32.8% of the patients.

The majority of patients (64.8%) cited that exacerbations affected their mood, causing a variety of negative feelings such as anxiety, isolation, depression, irritability/bad temper, anger, and guilt. Overall, patients most commonly reported lack of energy, depression, and anxiety when describing their feelings about exacerbations. These effects seem to have adverse consequences in their personal and family relationships, leading to prevention of social activities and isolation. It is remarkable that physicians tended to underestimate the psychological impact of exacerbations, when compared to patient reports.

It is also remarkable that patients with coronary disease experienced the same feelings as COPD patients, as reported by The Heart and Soul Study.[@b67-copd-11-1579] Out of 1,024 participants, 201 (20%) had depressive symptoms. Depressive participants were more likely to report at least mild symptom burden (60% vs 33%), mild physical limitation (73% vs 40%), mildly diminished quality of life (67% vs 31%), and fair or poor overall health (66% vs 30%). Depressive symptoms were strongly related to greater physical limitation, greater symptom burden, worse quality of life, and worse overall health, when using multivariate analyses adjusting for cardiac function and other patient characteristics.

Based on the aforementioned data, depressive symptoms, after a heart attack, are strongly associated with patient-reported health status in patients with coronary disease, which is similar to the case of COPD patients after an acute exacerbation of the disease.

Killer
======

According to GOLD guidelines, exacerbations of COPD requiring hospitalization are associated with significant mortality.[@b3-copd-11-1579]

In-hospital mortality of COPD patients admitted for a hypercapnic exacerbation with acidosis iŝ10%.[@b23-copd-11-1579],[@b68-copd-11-1579],[@b69-copd-11-1579] In the SUPPORT study,[@b23-copd-11-1579] as aforementioned, 1,016 patients were enrolled, who were admitted with an exacerbation of COPD and a PaCO~2~ of 50 mmHg or more. The 60-day, 180-day, 1-year, and 2-year mortality was high (20%, 33%, 43%, and 49%, respectively) and at 6 months, only 26% of the cohort was both alive and capable of reporting a satisfactory quality of life.

Similar results were reported in another study where 205 consecutive patients hospitalized with AECOPD were prospectively assessed and were followed up for 3 years.[@b68-copd-11-1579] In total, 17 patients (8.3%) died in hospital and the overall 6-month mortality rate was 24%, with 1-, 2-, and 3-year mortality rates of 33%, 39%, and 49%, respectively.[@b68-copd-11-1579]

The 1-year mortality rates after an AECOPD seem to be affected by the presence of respiratory failure.[@b69-copd-11-1579] In a cohort of 171 patients, the mortality rate during hospitalization was 8%, going up to 23% after 1 year of follow-up.[@b69-copd-11-1579] Despite a comparable in-hospital mortality rate (6%), the 1-year mortality rate was reported to be significantly higher for patients admitted to the intensive care unit due to respiratory failure (35%).

The high rates of mortality after an AECOPD have been also reported in the ERS COPD audit survey.[@b28-copd-11-1579] The ERS COPD audit was a cross-sectional, multicenter study that analyzed the outcomes of COPD patients admitted to hospital with an exacerbation across Europe. Finally, 16,000 patients and 400 centers across 13 European countries were included in this project. Mortality among COPD patients discharged from hospital and within 90 days of the initial admission date was 6.1% (5.8% in males and 6.8% in females). The composite mortality rate (in-hospital plus 90 days follow-up period) was 11.1%.

Similarly, the incidence rates of sudden cardiac death and recurrent ischemic events post-MI were examined in a large cohort study.[@b70-copd-11-1579] Between 1979 and 1998, 2,277 MIs occurred (57% in men). After 3 years, the event-free survival rate was 94% for sudden cardiac death and 56% for recurrent ischemic events. Both outcomes were more frequent with older age and greater comorbidity.[@b70-copd-11-1579] As the authors concluded, in the community, recurrent ischemic events are frequent post-MI, while sudden cardiac death is less common. Thus, a COPD exacerbation is related to higher mortality rates than an MI in the general population.

Emergency
=========

AECOPD is a severe medical condition demanding immediate action.[@b3-copd-11-1579] The initial management includes: assessment of medical history and clinical signs of severity, administration of supplemental oxygen therapy, increasing the dose or/and frequency of inhaled bronchodilators, and addition of oral or intravenous corticosteroids and antibiotics (oral or intravenous) if signs of bacterial infection are present.[@b3-copd-11-1579]

In cases of acute respiratory acidosis, noninvasive mechanical ventilation (NIV) is considered. NIV has been shown to improve severity of breathlessness and acute respiratory acidosis and decrease the respiratory rate, work of breathing, complications such as ventilator-associated pneumonia, and the length of hospitalization.[@b3-copd-11-1579] More importantly, NIV decreases the intubation rates and mortality.[@b71-copd-11-1579],[@b72-copd-11-1579] If a patient is unable to tolerate NIV, or in case of NIV failure, invasive mechanical ventilation is mandated. Indications of initiating invasive mechanical ventilation include respiratory or cardiac arrest, respiratory pauses with loss of consciousness or gasping for air, massive aspiration, severe ventricular arrhythmias, severe hemodynamic instability, and persistent inability to remove respiratory secretions.[@b3-copd-11-1579] At all times of the management of an acute exacerbation, the medical stuff has to monitor the fluid balance and nutrition of the patient; subcutaneous heparin or low-molecular-weight heparin must be considered, and most importantly, associated conditions (eg, heart failure, arrhythmias) must be identified and treated.[@b3-copd-11-1579]

When an acute exacerbation has to be managed, a serious problem is that the COPD patient is rarely only "COPD patient". Comorbidities are frequent in COPD and 12 of them negatively influence survival.[@b73-copd-11-1579] For example, COPD and CHD share a common major risk factor, which is smoking. The coexistence has been reported as high as 30% or even higher in COPD patients.[@b74-copd-11-1579] In some studies of COPD patients' medical records, the undiagnosed cases of CHD have reached 70%.[@b75-copd-11-1579] Also, AF and COPD are two common morbidities and often coexist.[@b76-copd-11-1579] The presence and severity of COPD are associated with increased risk for AF/atrial flutter and nonsustained ventricular tachycardia. The prevalence of AF and nonsustained ventricular tachycardia among COPD patients has been reported to be as high as 23.3% and 13.0%, respectively.[@b77-copd-11-1579] Hypertension, diabetes and metabolic syndrome, cachexia, myopathy, mental disorders, osteoporosis, and chronic renal failure are also common comorbidities in COPD patients.[@b78-copd-11-1579] Finally, studies show that up to 94% of COPD patients have at least one comorbid disease and up to 46% have three or more.[@b79-copd-11-1579] Thus, during an AECOPD, the coexistence of comorbidities creates a "lethal cocktail" that has to be faced by the physicians.

Conclusion
==========

Despite the underestimation by the physicians and the patients themselves, AECOPD is a really catastrophic event in the natural course of the disease, similar to acute MI in patients suffering from CHD ([Table 1](#t1-copd-11-1579){ref-type="table"}).

AECOPD can be considered as the "stroke of the lungs" and it can be viewed as: a Semicolon or disease's full-stop period, Triggering a catastrophic cascade, usually a Relapsing and Overwhelming event, acting as a Killer, needing Emergent treatment ([Figure 2](#f2-copd-11-1579){ref-type="fig"}).

Acknowledging the pivotal role of AECOPD in progression of the disease is crucial in order to design and incorporate a multimodality preventive approach that focuses not only on prevention of exacerbations, but also on the comorbidities that can transform even a minor respiratory exacerbation into a potentially lethal event.
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![Fletcher--Peto diagram modified: lung function decline is not a constant, stable process.\
**Notes:** It is the accumulated result of mild losses during steady state and sharp losses, due to acute exacerbations that accelerate as exacerbations become more frequent and more severe over time, during the natural course of the disease.\
**Abbreviations:** AECOPD, acute exacerbation of chronic obstructive pulmonary disease; FEV~1~, forced expiratory volume in 1 second; HrQoL, health-related quality of life.](copd-11-1579Fig1){#f1-copd-11-1579}

![AECOPD is the "stroke of the lungs".\
**Abbreviation:** AECOPD, acute exacerbation of chronic obstructive pulmonary disease.](copd-11-1579Fig2){#f2-copd-11-1579}

###### 

Similarities in the catastrophic pathophysiologic cascade triggered by acute myocardial infarctions and acute COPD exacerbations

  Diseases                                    More symptoms                               Higher hospitalization rates                Lower quality of life   Lower exercise capacity   Poorer prognosis
  ------------------------------------------- ------------------------------------------- ------------------------------------------- ----------------------- ------------------------- -------------------------------------------
  Coronary disease (myocardial infarctions)   √[@b30-copd-11-1579]                        √[@b31-copd-11-1579]                        √[@b32-copd-11-1579]    √[@b31-copd-11-1579]      √[@b33-copd-11-1579]
  COPD (acute exacerbation)                   √[@b14-copd-11-1579], [@b15-copd-11-1579]   √[@b35-copd-11-1579], [@b36-copd-11-1579]   √[@b37-copd-11-1579]    √[@b34-copd-11-1579]      √[@b38-copd-11-1579], [@b39-copd-11-1579]

**Abbreviation:** COPD, chronic obstructive pulmonary disease.
